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Final  Report  for  Contract  N60921-82-C0039 
with  Naval  Surface  Weapons  Laboratory 

Professor  R.W.  Taft 

Attn:  Dr.  M.S.  Kamlet 

Values  of  a,  the  hydrogen-bond  donor  ability  of  pure  protonic 
solvents1,  have  been  obtained  for  18  important  solvents  (cf.  Table  A). 
These  values  were  calculated  from  25  data  sets  which  involve  a  sig¬ 
nificant  number  of  both  non-protonic  and  protonic  solvents  and  for 
which  the  solute  measurement  is  relatively  sensitive  to  the  solvent 
hydrogen  bond  donor  ability.  The  individual  values  of  Table  A 

were  calculated  from  the  correlation  equation1,  XYZ=c+sir*+aa  expressed 

XYZ-c-sw*  ... 

as:  a .  =  - - - .  The  values  were  averaged  to  give  a 

i  a  J  J  ave 

values  given  in  Table  A.  In  Table  B  are  given  the  various  spectro¬ 
scopic  probe  measurements  XYZ  (electronic  transitions,  C13  and  P31 
NMR  shifts)  used  in  the  25  correlations,  the  values  of  c,s,  and  a 
obtained  for  each  correlation  equation,  as  well  as  the  statistical 

fit  parameters.  For  protonic  solvents,  the  ir*  values  used  were 

2 

those  recently  reported  .  Four  iterations  of  the  25  correlations 
equations  were  carried  out  to  obtain  the  "limiting"  values  of  it^  given 
in  Table  A. 

The  a  scale  includes  structural  effects  of  solvent  self-asso¬ 
ciation  as  well  as  of  inherent  molecular  hydrogen-bond  donor  abilities 
The  results  for  C-H  acidic  solvents  appear  to  be  the  least  affected 
by  self-association.  The  order  of  a  values  found  for  these  solvents 
is  (CH^) 2CO<CH2CN<CH2NO2<CH2CI2<CHCIJ .  These  are  striking  results 
since  the  a  values  reflect  approximately  the  inherent  order  of  mole¬ 
cular  hydrogen  bond  donor  abilities  of  these  C-H  acids.  This  order 
is  distinctly  different  than  that  for  the  gas  phase  acidities: 


CH2CI2<CHCI3<CH2CN< (CH^) 2C0<CH2N02»  Consequently,  the  results  are 
important  in  establishing  different  orders  of  acidity  for  hydrogen 
bonding  than  for  proton  transfer.  For  hydrogen-bonding  acidities, 
there  appears  to  be  little  importance  of  resonance  stabilization 
of  the  conjugate  base  of  the  C-H  acid,  but  instead  inductive  elec¬ 
tron-withdrawal  which  increases  the  positive  charge  on  hydrogen  is 
the  dominant  effect.  For  proton  transfer  acidity,  on  the  other 
hand,  the  dominant  effect  tends  to  be  resonance  stabilization  of 
the  carbanionic  conjugate  base. 

Also  included  in  this  report  is  a  summary  of  interrelation¬ 
ships  between  the  various  solvent  property  scales.  This  work  was 
presented  in  a  poster  session  at  the  Euchem  Conference  on  Corre¬ 
lation  Analysis  in  Organic  Chemistry,  Hull,  England,  July  19-23, 
1982. 
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Table  A*  a.  Values  from  Individual  Data  Sets  and  u  Values  for  Solvents 
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Table  A  (cont)  Values  from  Individual  Data  Sots  and  <*aVf!  Values  for  Solvents 


Table  B  pata  Sets  Used  to  pctine  a  Values  by  Correlation  Eqns,  XVZ 
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INTERRELATIONSHIPS  BFTWEFN  THF  VARIOUS  SOI  VFNT 
PROPERTY  SCALES 


R.  W.  Taft  and  fl,  J,  Kamlet 

Dept,  of  Chemistry,  University  of  California,  Irvine, 
CA  92717,  and  Naval  Surface  Weapons. .Center,  White  Oak 
Laboratory,  Silver  Spring,  MD  20910,  0.  S,  A, 


The  Solvatochromic  Equations  and  Parameters 


1.  XYZ  =■  XYZ0  +  ad*  +  d£)  +  ag  +  y  +  d 


H'  IS  A  SCALE  OF  SOLVENT  niPOl  ARITY/pnLARlZASILITY. 


0<  ISA  SCALE  OF  SOLVENT  HYDROGEN  BOND . DONOR  (HBD)  ACIDITY. 


£  IS  A  SCALE  OF  SOLVENT  HYDROGEN  BOND  ACCEPTOR  (HBA)  BASICITY. 

i  IS  A  "POLARIZABILITY  CORRECTION  FACTOR*  EQUAL  TO  0.0  FOR  NON- 
CHLORINATED  ALIPHATIC  SOLVENTS,  03  FOR  POLYCHLORINATED 
ALIPHATICS  AND  1,0  FOR  AROMATIC  SOLVENTS 

L.j  the  Hildebrand  Solubility  Parameter,  is  a  measure  of  solvent- 

solvent  INTERACTIONS  WHICH  ARE  INTERRUPTED  IN  CREATING  A 
CAVITY  FOR  THE  SOLUTE. 


IS  A  OQQRDINATE-CQYALENCY  PARAMETER*  EQUAL  TO  -0.20  FOR  P=0 
BASES,  LMJ  FOR  L=0,  S=U  AND  N=U.  .BASES,  0.2  FOR  SINGLE  BONDED 
OXYGEN  BASES,  0,6  FOR  PYRIDINES,  AND  1,0  FOR  ALKYLAMINE  BASES. 


The  £,  a,  A,  B,  AND  tL  COEFFICIENTS  MEASURE  THE  RELATIVE  SUSCEPTI¬ 
BILITIES  OF  XYZ  TO  THE  INDICATED  SOLVENT  PROPERTIES,  The  &  TERM 
IS  NIL  FOR  ELECTRONIC  SPECTRA  WHICH  ARE  SHIFTED  BATHOCHROMICALLY 
WITH  INCREASING  SOLVENT  DIPOLARITY,  AND  IS  FINITE  AND  (USUALLY) 
NEGATIVE  FOR  OTHER  XYZ  S, 

By  A  JUDICIOUS  CHOICE  OF  SOLVENTS  AND  REACTANTS  OR  INDICATORS,  IT  IS  USU¬ 
ALLY  POSSIBLE  TO  REDUCE  EQ  1  TO  A  MORE  MANAGEABLE  ONE  OR  TWO  TERM  EQUA¬ 
TION.  For  EXAMPLE,  FOR  CERTAIN  BASICITY  DEPENDENT  PROPERTIES, 

2.  XYZ  =  XYZ0  +  sS  +  e£ 

XYZ  IN  EQ  1  IS,  FOR  EXAMPLE,  THE  LOGARITHM  OF  A  RATE  OR  EQUILIBRIUM 
CONSTANT,  A  FLUORESCENCE  LIFETIME,  OR  A  SLC  PARTITION  COEFFICIENT,  A  POSI¬ 
TION  OR  INTENSITY  OF  MAXIMAL  ABSORPTION  IN  AN  NMR,  ESR,  IK,  OR  UV/viSIBLE 
SPECTRUM,  AN  Nl'IR  COUPLING  CONSTANT,  OR  A  FREE.. ENERGY  OF  SOLUTION  OR  OF 
TRANSFER  BETWEEN  SOLVENTS  OF  A  DIPOLAR  SOLUTE, 

XYZ  IN  EQ  2  IS,  FOR  EXAMPLE,  AN  IR  FREQUENCY  SHIFT  (FREE  MINUS 
HYDROGEN  BONDED),  AN  ENTHALPY  OF  FORMATION  OF  A  HYDROGEN  BONDED  OR  LEWIS 
ACID/BASE  COMPLEX,  OR  THE  FREE  ENERGY- OF  TRANSFER  OF  A  PROTON  TO  AQUEOUS 
BASE  FROM  AQUEOUS  (THE  LATTER  QUANTITY  BEING  LINEAR  WITH  P «A) . 


Table  II.  Correlation  Coefficients  For  Linear  Regression  Equations 
with  77*  (Select  Solvents) , 


Solvent  Scale  or  Property _ 

Dipole  moment, 

Reichardt  and  Dimroth's  Et(5Q),  UV/vis  betaine 
BROOKER'sXft,  UV/vis  merocyanine 
Lassau  and  Jungers'  log  k(MeI  +  Pr^N) 

Walther's  UV/vis  molybdenum  complex 
Napier  and  Knauer's^  ESR  nitroxide 
Allerhand  and  Schleyer ' s  Gi,  IR  shifts 
Taft'sJJ,  19F-NMR  4-F-CsH4-N=0 
Brownstein's  S.  (Extension  of  Kosower's  Z) 

Snyder's £,  gas/liquid  partition  coefficients 
Sutmann's  Acceptor  .Number,  AN,  51R-MR  shifts  of  Et^P=Q 


_ B _ 

JsL. 

0,935 

23 

0.937 

12 

0.987 

16 

0.985 

13 

0.977 

9 

0.978 

r* 

0 

0.993 

8. 

0.939 

12 

0.981 

10 

0.991 

21 

0.960 

10 

CORRESPONDING  SOLVENT  f  VALUES.  SELECT  SOLVENT  ARE  NON- 
CHLORINATED  ALIPHATIC  SOLVENTS  FOR  WHICH  »•  IS  PROPORTIONAL 
TO  MOLECULAR  DIPOLE  MOMENT. 


Allerhand  and  Schleyer's  0  Values 
Plotted  against  ** 


ON  4 


Taft.  Abboud.  and  Kamlei 


Figure  3.  for  p-fluoronitrusobenzene  plotted  (a)  against  r*  and 

(b)  against  (r*  -  0.164).  Symbols  for  the  solvent  families  art  as  in 
Figure  1. 


Figure  4.  AH  for  di-ren-buiyl  nitroxidc  plotted  (a)  against  r*  and  (b) 
against  (r*  -  0.134). 
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Taft's  P  plotted  against#*  and 
AGAINST  (tf*  -  0.16& 


Napier  and  Knauer's 

PLOTTED  AGAINST -ff*  AND  AGAINST 

Ctf*  -  0.135) 


Correlation  of  xT  with  the  solvent 

DIPOLE  MOMENT,  JLL  AND  THE  "REDUCING 

function"  <P> _ 

The  p/f  ratio  in  the  relationship, 
XYZ  =  XYZ0  +  fU  +  P(p 

IS  LINEAR  WITH  THE  D  TERM  IN 
(tf*  +  □£),  WITH  THE  &  TERM  BECOMING 
INCREASINGLY  NEGATIVE  AS  THE  POLAR¬ 
IZABILITY  CONTRIBUTION  BECOMES  LESS 
IMPORTANT. 


-5' 


HBD  Solvents.  Correlations  with tT*  andc^, 

When  the  set  of  solvents  considered  includes  also  protonic  sol¬ 
vents,  EFFECTS  OF  SOLVENT  HBD  (HYDROGEN  BOND  DONOR)  ACIDITY  MUST  ALSO  BE 
INCLUDED  IN  THE  SQLVATOCHROMI C  EQUATIONS.  MULTIPLE  LINEAR  REGRESSION 
EQUATIONS  INT T*  AND  t*  OR  (tf*  +  D S)  AND  0(  SHOW  THAT  THE  EARLIER  SOLVENT 
PROPERTY  SCALES ,  REPRESENTED  AS  MEASURES  OF  EITHER  SOLVENT  POLARITY  (ION 
IZING  POWER)  OR  SOLVENT  ELECTROPHI LICITY  (ACIDITY)  ARE,  IN  FACT,  MEA¬ 
SURES  OF  LINEAR  COMBINATIONS  OF  BOTH  PROPERTIES. 

Thus,  for  Reichardt  and  Dimroth's  betaine, 

Et(5Q)  =  30.3  +  14.6^-0.23*)  +  16,4*,  n  =  44,  R  =  0.993 


Similarly, 


*32Jc 
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